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WELLBORE CASING 
Cross Reference To Belated AjpHratinnrr 

This application daima the benefit of tiie filing date of U£. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background at the Invention 
This invention relates generally to wellbore casings, end in particular to 
weHbore casings that are formed using espandaU e toning 

Conventionally, when a weUbare is created, a number of casings are 
5 inHtalledinthetxa^letopre*^ 
imdeslred oiitnW of drilling flu^ 

formation into the borehole. The borehole Is (irflledmintervals whereby 
wbichiatobe installed inalowf* bore 

installed castagof an upper borehole interval As a consequence of this procedure 

10 the rasing of tbelow interval is of sniallerdiame^ 

interval Thus, the casings are in a nested arrangenient with casing diameters 
decreasing in downward direction. Cement immili are provided between the outer 
surfaces of the casings and the borehole wafl to seaUhecasmgsfiwm 
walL As a consequence of this nested arrangement a relatrrehy large borehole 

15 dianieterisreo^iiredattheuppw Such a large borehole 

diameter involves mcreaaed costs due to beav^ 

drill bits aiidmcreasedvohimea of dril^ Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Hie present invention is directed to ovareaming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbcre. 

15 Summary of the Invention 

According to one aspect of the present brrentlon, a method of forming a 
wellbore casmg is provided that bi^ 



in the borehole, injecting fluidic material mto the borehole, and 
the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 

5 borehole adjacent to the already existmg casing. A tubular lmer 

then placed into the newsectionof the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole. 
The 9T»Tmlflr region between the tubular finer and the new section of the borehole 

10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fhndic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular hnar is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed The tubular liner is supported by overlap with the already 

15 existing casing* The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic ^HTig material are cured. At least a portion of 

20 cured fluidic hArH»ni»hl* B ea tin g material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a Becond 

25 fluid passage. The tubiilar member is coupled to t^ 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 

30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to tha support member The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. Tb* shoe is coupled to the tubular inemberaiid includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tabular member 

According to another aapectof the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
havizjg an inner diameter greater to 
member, is prodded that induto 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized and the soc^tobixlarmcinbOTisextrn^edoffof 
the mandrel into engagement with the firat tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
16 at an end portioned the amral^ 

at an end portion of the pmmian* member. 

According to another aspect of the present invuntion^ 
provided that includes a tubular liner and an annular body of a cured fhiidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

Aiscording to another aspect rf 
liningan existing weDbore casing is provided that indu^ 
annular body of cured fhridir s e ali n g m a t e r ial The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 
25 cured fluidk sealing material is coupled to the tubular liner, 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that include* a support member, a 
mandreU tubular rnan^ The support member includes a fi^ fluid 

passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahjy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfllabte. 
The tubular member is Tne shoe is coupled to tfe 
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member. The shoe preludes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief D esc r ipti on of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a wall borehole. 

FIG. 2 Is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is m fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

HG. 3a is another fragmentary cro^se^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the weQ borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fhndic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. G is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croo^-sectional fflustratkm of a wellbare including a pair of 
adjacent overlapping' caajpga 

FIG. 10b is a mws-seciional illustration of an apparatus and method for 
creating a tie-back liner wring an axpandible tabular member . 
5 PIG. 10c is a croaa^ectionnl ilUtstraticn of the anmnfaff rf» fhriAi* «. ft ij ng 
material into the annular region between the tabular member and the existing 
casing. 

HG. lOdiaa crosfraectiapal gfastration of the pressurizing of the interior 
of the tabular member below the mandrel 
10 FIG. 10e is a cross-eectiaiial fl^^ 
member off of the mandrel 

FIG. lOfisacroaa-eecttand 
out the Bhoe and packer. 

FIG. IQg is a cress-sectional fllpatratioii of the completed tie-back liner 
15 created using an expandable tubular member 

FIG. 1 la is a fragmantary crosfraectional view illngfratmg thg diniim g «r P 
new eection of a well borehole, 

FIG. lib is afragmentarycrosMecto 
an embodimeiit of an apparatus to^^ 
20 of the well borehole. 

FIG. 11c is a fragmentary eroesH»ct^^ 
a first quantity of a hardeiia^ 
well borehole. 

FTG. lid is a fragm ent ary erogs-flectaonal view flhistrating the introduction 
25 of a wiper dart into the new section erf the well borehole. 

HG. lie is a fragmentary 
a second quantifr of a hartenable flnf Hfr iralmg m wtrrial Into the new section of 
the well borehole. 

KG. 1 if is a fragmentary cross-sectional view fflnstrating the completion 
30 of the tubular liner. 
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Detailed Description of the IQnstr&tive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tabular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further nunimlzes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off ofa mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portion* to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 

30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Befeniaginitirffr to Figs. 1-5, an embodiment of an apparatus and method 
for forming a weDbore casing within a subterranean formation will now be 
described. AafllustiatedmFig.MweU^ 

formation 106. Thewellbore 100 inchid« an inisting cased section 110 hav^ 
6 tubular easing 115 and an annular outer layer of cement 120. 

In order to extend the weDbore 100 into the subterranean formation 105, 
a drill string 125 is used in a watt known manner to diiU out iiiaterial 
subterranean formation 105 to form anew section 130. 

Aailhurtratedm Fig. 2, an apparatus m 
10 a*foterraneanr<mnat^ 

100. The apparatus 200 preferably fa*fa ™ ^ — mnnrtrr i nr pi& 20c> , 
tubular member 210, a shoe 216, a lower cup seal 220. an upper cap seal 225.' a 
fluidp U ^2S0.amuapaiieage2».a 
member 250. 

16 TT^expaiidableiuai^dr^^ 

member250. The expandable mandrel 205 is i«eferably adapted to eentrollabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially mailable expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 <**odmumt,tbeexpan^ 

disclosed in US. Patent No. 6,848,095. the centente of winch are tocorp^ 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

^ebibiilarmembOT 210 ia support ^ 

25 tubular meniber 210 i» expand^ 

expandabte mandrel 205. The tubular member 210 may be fabricated Irom any 
number of conventional coirmiemauy available inaterials such as, for example, 
Oilfield Country Tubular Goods (OCTQ), IS chrenuum steel tubir^asing, or 
plastic tubing/eating. In a preferred embodiment, the tubular member 210 is 

30 fabricated from OCTCmorder to n U ^ The inner 

end outer *a»ete» rfthe tubulm™ 

approxmuitely0.75to47incbe8andl.05to In a preferred 



embodiment the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 2 SO of the tubular member 2 10 

is slotted, perforated, or otherwise modified to catchre 

when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal Hltown^et float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable ftuidic aealingmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball Beating member. In this manner, the fluid passage 240 
can be optimally sealed offbym 
into the fluid passage 280. 
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The tower cap real 220 is coupled to and supported by the support member 
250. The tower cup seal 22D prevents forei gn matur ing from enteringtho interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cop seal 220 may comprise any number of conventional commercially 
6 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance vnth the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprise a SIP cup seal, available 



material and contain a body of lubricant. 

10 

260. Tim upper cup seal 225 preventemreign mate 

region of the tubular member 210. The upper cop seal 226 may comprise any 
number of conventional commercially available cup seals anch as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available ftw Halliburton Energy Service»mDalh^ TOmarnW^n ^m.i^ 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubulaximmiber 210 hetow th* wp-n^M. r-rrHrrrl 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surla« to tl»bottani of the expandable 
nnmdrel206. Tl»e£uu\ipai^ 230 is prefer^ 
the apparatus 200. 
25 Tim fluM passage 230 is preferably 

operation, to transport materials such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaDona/minuta and 0 to 9,000 
pain order to mmimixe drag on the tnhular member being run and to minimize 
surge pressui^ exerted on the wellborewhi^ 
30 and lead to hole collapse. 

The fluid pa3aagB235permitefmiriir^ 
passage 230. In thin manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidie materials 256 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controUably minimi!* surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidie materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDonareiinute and 0 to 
9,000 pri in order to reduce the drag on the apparatus 200 dozing insertion into 
the new section 130 of the wellbore 100 and to minimta* surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidie materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidie 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
ahapethatpermitsaplug.orotn^ 

to thereby block further passage of fluidie materials. In this manner, the mterior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below die expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substa nti all y 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gaUcms/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidie materials. In a preferred embodiment, the fluid passage 240 
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inchides an inlet geometry that can receive a dart and/or a ball sealing member. 
In t hi s manne r, the fluid passage 240 can beaaaledoifty mtrodudiigap^dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Theaeal*246iiwtortte^ 
of the end portion 260 of the tabular member 210. The seals 245 permit the 
flapping joint betww 

260 ofthe tubular member 210 to be fluidicjy sealed. The seals 246 may comprise 
any number of conventional commercially available seals such as, for example, 
10 lead, nibber. Teflon, w 

the present disclosure. In a preferred embodiment, the teals 24S are molded from 
Stratalc<kepoxy available from Halliburton Energy 8ervte 
to optimally provide a load bearing interference fit between 
tubular member 210 and the end 270 ofthe existing casing 115. 
15 In a preferred embcdiment, the seals 

a sufficient frictiona] force to support the expanded tubular member 210 from the 
existing casing 116. In a preferred embodiment, the firictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210, 
20 The support member 250 is eom^ 

member 210, shoe 216, and seals 220 and 226. Tbe support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support member 250 further mchm^ 
25 centralizera (not illustrated) to help the apparatus 200. 

In a preferred emb<Kmnent, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tulmlar member 210. In this manner, the extrusion of the tubular member 210 off 
ofthe expanc^texnancM T1m lubricant 27^ 

SO number of conventional commercially available lubricant* such as, for example, 
Lubriplato, chlorine based hibricants, ofl baaed lubricants or Oim 1500 Antisieee 
(3100). In a preferred embodiment, the lubricant 276 compriaes Climax 1500 
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Antimexe (3 100) available from Climax Lubricants and Equipment Co . in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimizebL This 
ininimizesthe pn«rfRntty »f fhwngn material ^ngyinp the various flow passages 
valves of the apparatus 200. 

In a preferred trnibodhnmt, before or after positioning the apparatus 200 
10 within the now section ISO of the weHbore 100, a couple of weEbore volumes Are 
circulated in order to ensure that no foreign materials are located "within the 
weDbore 100 that might clog up the various flow passages and valves of the 
appara tns ?00 and tr> ffnmrrf? that nfr *p* **g" r**t *rrn\ interferes with tha <*Tj«mgimi 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenab^ 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wdlbore 100* Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pci and 0 to 
1,500 gallona/xnin, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sues, weUbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimum flowrate and operating pressure are preferably determined 

30 using conventional empirical me th o ds, 

The hardenable fhridk sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or cpoxy. In a preferred embodiment, the 
hardenahla fhridic sealing material 805 comprises a Mended cement prepared 
apedfical^ for the partfci^ 
Services m Dallas, TXm order to 
6 while also TOamtoinfrigoptiinnm flow characteristics so as to mmimigfl difficulties 
during the diaplacen^ The optimum blend 

of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the materi al 305 in 
10 suffiriimt qnantttjeatoensnietha^upon ™d«i wpmtfam «r*\^ tabular member 
210, the annular regim815tft^ 
with material 305. 

In a particularly preferred embodiment as iDuattated in Fig. 3a, the wall 
thic faieiw andfor the outer diameter of the tabular member 210 ia reduced in the 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in posits Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a p^ 

fluid passage 240 thereby flmrficfr isolating the interior region 310 from the 
annular region 316. In a preferred mihodtmmit, aiion-hardenableihtiiic material 
306 is then pumped into the interior region 3 10 causing the interior region to 
pressurise. In this manner, the interior of the expended tubular meniber 2 10^ 
25 not c ontain s i gnifi c ant a mou n ts of cnred material 305, This reduces and anmlifiee 
the cost ofthe entire process. Alternative, them 
this phase of the process. 

Once the interior 310 becco^ 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 2 05 may be raised wit of the e^ 

the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximate*/ the sa 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. in an alternative preferred embodiment, 
the extrusion process is commenced with the tabular member 210 positioned above 
the bottom of the new weHbore section ISO, keeping the niandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity* 

The prag 40 5 is pref erab ly placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The ptug 405 preferably acta to fhodicfr isolate the harrien a b la fluidk 
10 f»«H"ff matfrfr 1 80S {tmn the hardflpable flnidic material 806. 

The plug 406 may comprise any number of co nv e nti onal commercially 
available device* from phigging a fluid passage auch as, for example,Mnltipfe Stage 
Cementer (MSC) latch-down prog, Omega latch-down plug or three-wiper latch- 
down pliigmc^i^m accordance with t^ h 
15 a preferred embodiment,^ 

from Halliburton Energy Servicea in Dallas, XX. 

After placement of the plug 405 in the fluid passage 240. a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 
20 to 4,000 gEllona/mhx In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimised In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging fromapproximatety500to9 t 000psiand40to 
25 3,000 ga llopa ft"*™ fa orrfgr tn maaamige the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects wffl be depend upon the geometry of the 
expansion mandrel MS, the material composition of the tubular member 210 and 
30 expansion mandrel 205 , the inner diameter of the tubular member 2 10, the wall 
thichttftftfl of tubular member 210 , the type of hinrkant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickneaa, the smaller 
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the tuner diameter, and the greater the yield strength of tte tubular mamber 210, 
then the greater the operating pressure* required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 2 10 
5 off of the expa n d able m and r el will begin whan the pressure of the interior region 
310 reaches, for example, approximately 500 to 9,000 peL 

During the extroskm procees, the erpanrinhle mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging, for 
example, from about 0 to Sft/sec. InaprefernidemlKKiinien^ 
10 ihxk^ the fTperid able minidrel 205 iandaedwtrf 
tubular member 210at rates ranglngfro^ 
ttetinie required »r the eapemato 
the expansion process. 

Whentbe ei^ iKution 260 of the tubulariM 
16 e xpan da ble mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferahb/ contact the interior surface 410 of the end 
portion 270 oftbe casing 115 to form an fh^ The contact 

pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pai. Inapreferredemb(xu^numt,thocoiitartm 
20 joint nmges to>m app l oiiiMte^ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to amTmrnodata typical tensile and comp lesaive loads. 

Theoverlappingjoint between the sectton410eftheesiBtingcasingll6and 
the section286 of the expanded tuljularman^ 
26 and fhiidic seal In a particularly Dreferred emhnriim^t, « M » a i^ c gi 5 

optinu% provide a finidk and gaseous seal m the overiapping joint 

In^P«ierredembodiinent,theop 
hardr™hle fniiriicTnatarialSOO is contrellabfr ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
W nianner.tbasuo^releasa of pressure ca^ 

tubular inember 210 off <>ftb* expandable nuuadr^ Jna 
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preferred embodiment, the o 

fashion from 100% to about 10% during the end of the ext^ 

when the mandrel 205 is within about 6 feet from completion of the extrusion 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sodden release of pressure. 
Hie shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operation*. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the ftuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the Guidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 withm the expanded tubular meinber 

20 210 is then removed in a conventional manner such as, for example, arrnlathig the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any rema ming cured material 305 within 
the interior of the expanded tubular member 210 is thai removed in a 
conventional rff*"— ' using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods* 
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Ia a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 jnrinrfes one or more Beating members 605 and one or 
more pressure relief boles 610. In this manner, the overlapping joint betwi^ the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tabular xnem 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 farmed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In en alternative preferred embodiment, the sealing 
10 inembera 605 are bondedor molded 

260 of the tubular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to expai^ 
the tubular member 210. This reduction in required 
15 reduces tie veiodty of extrusion 
process. This reduction in velocrly in turn minimises the mechanic 
entire apparatus 20Q upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a waffixse preferably includes an 
20 expandable mandrel or pig 70S, an **jmr%Amhu mandrel «t p*g 710, a 

tubular member 715,afl^ 
afluid passage 735,afluid passage 740,asu^ 

750, an overshot rcmrifrtion 755, another support member 760, and a stabilizer 
765. 

26 Tha ex p a nda ble mandrel 705 is coupled to and supported by the support 

member745. The expandable mandrel 706 ia farther eoaplfid fen *Ha 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controDably expand In a radial direction. The expandable mandrel 705 may 
comprise airy number of conventional commercially available expandable mandrels 

30 modified in accordimcewito In a preferred 

embodiment, the expandable mandrel 705 compr^ 

substantially as disclosed in UA Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 it further coupled 
S to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 716 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 su bst a n tially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics, In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p re fer r e d embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, tie tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a krwer section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defii^ by the region begins 

container 710 and ending with the region in the vicinity of the mandrel 705. Hie 
lower section of the tubular member 715 is preferahfy defined by the region 
beginning in the vicinity of the mandrel 705 sml endings* the bottom 826 of the 
6 tubular member 715. 

In a preferred embodiment, the wall thlckne«8of the upper section 805 of 
the tubular member 716 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 816 of the tubular member 716 in order to np K m -n y 
facib^ the initiation of the 
10 7W to be positamedm locations^ 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, for example, from about 1.06 to 48 inches and 1/8 
to 2 inches, respectively. In a p re fe rred embodiment, the miter diameter and wall 
tbickne^ of the upper sectira^ 
15 to 16 inc hes and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the in terme nt? action 810 of the 
tubular member716 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tifoutomemb^^ 
20 from about 3.5 to 19 inches and 1/8 to L26 inches, respectively 

The outer diameter and wall thickness of the lower section 815 of the 
tabular member 715 may range, for e*fflnple,n^abont2^w50md»esandl/l6 
to 1.25 inches, respective^. In a preferred embodiment, the outer ammeter end 
wall thickness of the lower section 810 of the tubular member 715 range from 
26 about 3.6 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wan thicbuM of the lower section 
member 71 5 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for examiue, ahimn^ are used. 

The tubule member 715 preferably comprises a solm tubular inember. In 



perforated, or otherwise inotffied to catch or slow down the ma^ 
completes the extrusion of tabular member 716. In a preferred embodiment, the 
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length ofthc tubular member 7 15 is limited 

For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
6 member 716. The shoe 720 includes the fluid passage 740. In a pr e fer red 
embodiment, the shoe 720 further mchidea en inlet pa 
jet ports 835. In a pa r ticula ri ty preferred emb o dime nt, the cr o ss sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet psasage 830. The interior of the shoe 720 

10 preferahfrinchidesalxKlyofsoiid strength of the 

shoe 720. In a particularly y refer red embodiment, the body of solid material B40 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for exampla, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
wMimpt of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-j e t guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 and an existing wellborecasmg, and to optimally 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is counted to and supported by the mipportmenibCT 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 705. The lower 
cup seal 725 may comprise any number of con v e nti onal ooxmnerrialiy available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in »~v™*™~» torhingM nf the pw«mt disclosure. In a preferred 

embodiment, the lower cup seal 726 comprises a STP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant. 
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The upper cup awl 730 is ampledto and ro^^ 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cud seals such aa, for p^^p^ TP 
6 cups or Selective Injection Packer (SEP) cup modified in accordance with the 
teachings of the present disclosure. In » prefab ^k^tf^^ thc nppa ^ ^ 
730 compriaee a SIP cup available from Halliburtmi Energy 8er^mDauas,TX 
in order to optimally provide a c^bris barrier and contam a body of 

The fluid passage 736 permits fluidic inaterials to be traiisported to and 
10 irom the interior regkmcrf the tub^ 

70S. The fluid passage 735 fafluididyc©^^ The fluid 

passage 736 is i«reiei»l^ coupled to a^ 

760, the support member 746, the mandrel container 710, and the expandable 
mandrel705. The fluid passage 735 preferabh*e*tei^ 
16 tothesuriacetothebottomoftbeexpandal>te 

is preferably positioned along a centerlme of the apparatus 700. The fluid passage 
735 is preferably selected to transport inateriabsuimasceinent,drilImgmudor 
epones at flow rates and pressures ranringfitmi about 4^t 0 a,noft gn n m ^i nmf > 
600 to 9,000 pamoirdertoproviife 
20 the tubular member 715 off of the expandable mandr el 705 

As described above with reference to Pigs. 1-6, during placement of the 
apparatM7Wwithmanewsecti^ 
fluid passage 735 can be released mtotlieweJIb^ 

In a preferred embodiment, the apparatus 700 nirthermclujles a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure r el eas e p assage is further flnjdJcfr coupled to the **** r"~g« 736. The 
Pleasure release passage preferably includes a control valve for contrdlably 
opening and closing the fluid passage. In » preferred embodiment, the control 
velveispressureactwatedmorderto The 
30 pressure reieaae passage is preferahfr 

centerlme of the apparahis 700. The pressure release passage is preferably 
selected to cemey materia buc^ 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimise surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 72fl in fluidic rfmmniyiratfrm 
with the interior region of the tub ular rneniber 715 belowtheeipand^le mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further p In this manner, the interior 

region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicry isolated from the region exterior to the tabular member 7 15, 
This permits the interior region of the tubular member 7115 belOW tK* expendible 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures rang in g from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a ] wferrwd tmbndiTnwi^ th* uppnrattm 7QQ finthff^ TfV^dfH QTW 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicry sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a pref erred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available ftom Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with 
715. 

In aprefierred embodiment, the seals 845 are selected to provide * nffi^frn t; 

fictional force to support the expanded tubular member 715 fiom the existing 

casing. In a preferred anbodlmeiit, the 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 

expanded tabular member 715. 

The support member 746 Is preferably coupled to 

705 and the overshot connection 755. The support member 745 preferably 

comprises an annular member 
16 700mtoanswsecttottofawem)or^ 

miinber of conventional commercially available support members such as, for 

exampte, steel 6MU pipe, coi^ 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 comprises conventional drill pip* available 

20 from various steel nulls m the United States. 

In a preferred embodiment, a body of robricant 750 is provided In the 
annular region above the expandable mimrirel container 710 within the interior of 
thetubwarraember715. b this Tnarmor, theextrnsion of the tubular member 715 
off of the expandable mandrel 705 is facilitated Tie hihricant 705 may comprise 

25 any number of conventional anmnerciauy available lubricants such as, for 
example, Lubriplate, chlorine based tabricants, oil based hihrfcants, or Climax 
1500 Antisiexe (3100). In & preferred embodhn exit, the lubricant 750 comprises 
Climax 1500 Antisiexe (8100) available from Halhlmrton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 

30 process. 

The overshot connection 755 
supportmember76U The overshot connect 



member 745 to be removably coupled to the support member 760. Hie overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Inneratring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstxing 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
756 and a surface support structure (not Illustrated). The support member 750 
10 preferably comprises an *™n\*r member having sufficient strength to carry the 
appaxaira 700 into a nevr section of aweDbere. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, ft* example, steel dr^ 

modified in accordance with the teadm^ of the present din^mire. In a preferred 

15 enibodixnent,thesupp^ 

from steel mills in the United States. 

Hie stabilizer 765 is preferably coupled to the support member 760, The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 7 15. The stabilizer 766 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragbtocka m odified in accordance with the t eachings 

25 of the present disclosure. In a preferred embodinient,tte 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of fonrign material into the apparatus 700 
is minimized This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of theapparatoTOOmoidertoeiisurethatiio 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that so foreign 
material interferes with the expansion mainh^ 706 d^uringtbaeipaiision process, 
InapreferTedf^bodhnmit.thea 

described above with reference to Kgs. 1-7 to form a niw section of caiangwh^ 
a wellbore. 

10 Asiltastratedmrlg.8>malten^ 

and apparatus described herein Is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore <— t» g nog ia a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the tdternathre preferred embodiment, any number of fluidk 

16 material can be used to expand the tubular b^ 

the damaged section of the weSbore casing sonh as, lor example, eammt, ej>oxy, 
dag mix, or drilling mud. In the alternative preferred embodiment, sealing 
membOT 815 are preferably provided at both end^ 

to optimally provide a flrnVhceeaL In an alternative preferred embodiment, the 
20 tubtilarlinar810ifl!bTmedw 

asthoseusedtotransportbydrocsrbona 

in an overlappingrelationflhip with the adjacent pipeline section. In this manner, 
uno^rground pipelines caa be rej»aire^ 
damaged sections. 

26 In aiiotherahernatrveprefen^ embody 

described herein is used to directly lines faa 
pi eleuwd embodiment, an outer annular hning of cement is not provided between 
the tubular hnerBlO and the wellbore. m the alternative preferred enibodunent, 
any number trffluidk materials can be used to e^ 

30 mtamtecontactwiththewellboresu^ 
or drilling mud 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weQbore casing includes an expendible tubular 
member 902, a support member 904, an expandibteinandrelorpigW^andaBboe 
908. In a preferred embodiment, the design and construction of tbe mandrel 906 
5 and shoe 908 permits ea^ removal of tboaed In this 

manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
908 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croso flection. 

In a pprt^ c"!*^ p referred embodiment^ an p r rpBndahle tabular member 915 
is coupled to the upper portion 9 10 of the expandahk tabular member 902. During 
15 operation of the apparatus 900, the tubular member9U> is preferably e 

of the mandrel 906 by pressurising the interior region 966 of Hie tubular member 
902. Tbe tubularmember 915 prefer^ 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials audi as, for example, oilfield 
tubular*, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulare in order to optimally 
provide approximately the same mfchaniffl) properties as the tubular member 902. 

25 In a particularly prefers 

point ran g in g from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 902, The tubular 
m em ber 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tabular members 
902aim91Bareliniitedtomiiuiiiire For typical tubular 

member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular mimto9()2i8 preferably coupled to 
the^w908byatlireaa^amned^968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

Hie tubular member 902 may be fabricated from any number of 
10 conventional co m m er riafly available materials such as, for example, oilfield 
tubular*, low alloy steels, titaniumoratamleaasteela, In a preferred embodiment, 
the tubular member 902 is fatakstedfromoilfieM 
provide approiunatehtthesan^ 
Inaparticular^ preferred embodiment 
15 point ranging from about 40,000 to 135,000 pai in order to optimally provide 
approximately the same yield properties as the tabular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member 902 may rangs, for erampl^ from about 1/16 to 1.5 
inches. In a preferred einbodimant, the wall thickness of the upper, intermediate, 
20 and lower portkina, 910, 912 and 914 of to 
Wtol^mortertooptmuuh/provto 

the tubular member 915. In s preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameterof theupper, intermediate, and lower portions, 910, 912 
and 914 rftlie tubular memlwm niayra^ 

inches. Inapreferred emh o dtmm t,the outer diameterof theupper,mtermediate, 
and tower portions,9l0,9128nd914ofto 
30 3 Kto 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 ffrtwiiwftwcte ny available tTilb^ 1 ^^ members modified in ^rrm^tnrt^ f rith **** teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure. In a preferred rmhorii ment, the tubular member 915 comprises 
Oilfield Country Tubular Goods available from various ILS. steel mill*. 

The various elements of the tubular niember 902 may be coupled usmg any 
number of conventional process such as, for example, threaded connections, 
welding or from one piece* In a prefer r e d embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 »i«»m«m*t of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular element* that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support inember 904 preferably includes an innerstring adapter 916, 
a Quid passage 918, an upper guide 920, and a coupling 922, During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless sfteeL In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yidd strength. 

The iimeratrmg adaptor 916 preferably is coupled to and supported by a 
conventional driD string support from a sur^^ The innerstrmg adaptor 

6 916 may be coupled to a conventional drill string support 971 by a threaded 
c onnecti on 970. 

TbB fhdd passage 916 is preteabjyuaedtocon^ 
to and from the apparatus 900. Inapreferredeinbodiz^ 
is fluidicry coupled to the fluid paaaage 652. In a preferred embodiment, the fluid 
10 passage 916 isnaadto ««^f fl"Mir mllngmntcriiih to and from the 

apparatus 900. In apsrticukrfr p re fa rTed eumodimerit, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning In a preferred 

embodmient,tteQtt^ 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper porticm of the support member 
904. The upper guide 920 preferably is adapted to center the support meinber 9^ 
20 witbinthe tubular member 916. Hie upper guide 920 m^ccniip^Bi^nuiQbcr 
of conventional guide members modified In trrtwAtmr* with **** tam^fr gp trf the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
imierstriiagadapter available 
tooptfanallyguidethfla 
25 m*cour^ 922 cotmles the support The 

coupling 922 prefgah^crm wi se s acooventional threaded wm^n 
The various elements of the nmpert member 904n^beeoupU 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using thread^ 
The mandrd 906 prefisrabry 
expansion f»ne928>alowerc^ 
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934, on extension sleeve 936, a spacer 938, a liousmg 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the fabricator mandrel 946 v lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
crussnsection. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926, The rubber cup 926 may comprise any number of conventional 
commercially available rubber cupe such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior regkm 972 of the tabular m 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chiorine based lubricants, oil baaed lubricants or Climax 1500 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extmsion sleeve 936, the b^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

SO apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. fa a preferred embodiment, 
of the expansion cone 928 is prevented by the lower cone retamer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper oone 
retainer 944. 

The expansion cone 928 prefarahfr ha* « raihrfjmH^fr pnrmlar crocm section. 
5 The outside diaxoeter of the expansion cons 928 is preferably tapered to provide 
a cone shape. The wan thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of thee^iansioncone928ra^ 

to opthna% provide adequate compress ^ 
10 maximum and mnunmm outside diametera of the expansion cone 928 may range, 
for example, flrim shout lto47 inches. Inapraferred embodiment, the 
and minimum outside diameters of the expimwimi cone 928 range from about 3.5 
to 19tooriertooptmia% provide exnansion 

The expansion cone 928 may be fabricated ft^anynumb^ 
15 rommereially available materiala such as, fbrexample, ceramic, tool ateel, titenhim 
or low alloy steel In aprefarred emhodimtmt, the expanakm cone 928 is fabricated 
from tool steel toordertooptunallyprov^ 
The surface hardness of the outer surfece of the ex^ 
axmnple.iromaboutMItoc^ 
20 the surface hardnaas of the outer Borto 

about 68 Rockwall C to 62 Hockwefl C in order to optimaliy provide high yield 
strength. In a preferred embodiment, the expansion coiie 928 is heat treated to 
optinalhr provide a hard oiiter au^ 
optimally provide abrasion resistance and fracture toughness. 
26 Tbalov^ cone retainer 830 is coinaled to 
houstag940. In a preferred entbodhnent, axid 

928 is prevented by tha lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cms-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, ceramic, tool 
steeL titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surf^himlaeflfioftheaiitCTSuH^ofthfi 
lower cone retainer 930 may range, for example, from about SO Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 68 RockweU C to 62 RockweD C 
5 in order to optimally provide hi^ In a pi^erred embodiment, the 

lower cone retainer 930 ia heat treated 

and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

Inaprefeiied embodiment, the lower cone retainer 930 and the erpanirion 

10 cone 928 are formed as an integral 

of component* and Increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tufa 1 *** members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906, 
The body of cement 932 further may be eas%driUedoutusingaconventaomldriH 
device* In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
torn* ttth«Tdri1fabV> mfftMP*, mrnpngrite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 Diiring operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross*section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulaxs, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 9S4 preferably mates with the inner surface 
of thfl tubular member 902 to provide a sliding fit 

The extension aleeve 938 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extenfltOTt aleeve 936 preferably hag a substantially annular crossHsectkHi. 

The extension aleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alky steel or stainless steel In a prefer red embodiment, the 
10 extension sleeve 936m fabricated 

highyieM strength. The outesurfaceof thee 

with the inner surface of the tubular member 902 to provide a sliding fit In a 
preferred embodiment the extension aleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this mannar, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a BUhstantiaQy ^miW eroaa-aection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 
26 with the end of the extension tube 960 . In a preferred embodiment the spacer 
938 arid the sealing sleeve 94^ 

to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 93*, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparatus 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are farmed as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred einbcKlrment, the interior surface of the housing 
940 Include* ana or more protrusions to fadHate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support inember 904 tiaing 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 

The sealing sleeve 942 may be fabricated from any nuinber of conventional 
commercially available materials such as, for example, steel, ahrmrnnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 ahiniinum in order to optimally provide dttflability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer aurfece of the sealing 
sleeve 942 includes one or more protrusions to facil fnte the connprtirm between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 p^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
fttumfmrm or cast iron. In a p ref erred embodiment, the upper cone retainer 944 
is fabricated from ahun^ 
5 cone retainer 944. 

Inaparticularfrprefon^ 
cross-eeotional shape designed to provide mareaeed rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-ehaped to provide increased rigidity and inmimue the 
10 smomtofniaterialth^ 

Theluhricatctfmandrd 
926 f the upper cone retainer 944, ^ 

During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the bocV of lubricant in the annular region 972 for lubricating the 

15 interface between the mandrel 906 and the tabular member 902. Preferably , the 
fabricator mandrel 946 has a mHrtflnrt«njr annular frooo section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ataniinnm or cast iron. In a preferred embedment, the fabricator mandrel 946 is 

20 fabri cated from afaminnm in order to optimally provide drfllabflity of the 
fabricator mandrel 946. 

The lubricator sleeve 948 is coupled to the fabricator mandrel 946, the 
retamer924,thenibbero^ 

948, and the guide 950. During operation of the apparatus 900, the lubricator 
26 sleeve 948 preferaln^ Preferably, the fabricator 

sleeve 948 has a irnhflfamtialfr annular croaa-seetioii 

The fabricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the fabricator sleeve 948 is 
30 fabricated from a hmriiwim . in order to optimally provide driDability of the 

fabricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. Thetubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a pr ef erred embodiment, seals 949a and B49b are provided between tha lubricator 
5 mandrel 946 , lubricator sleeve 948 , and rubber cup 92 6 in order to optimally seal 
off the interior region 972 of the tabular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924 , 
and the hibricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially flrnnilar CTosa-eection. 

The guide 950 may be fabricated from any number of conventional 
commer cially available ^ftfo^nU guch as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950 . 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable floidic 
materials. In a preferred embodiment, the Quid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rateranging from about 0 to 9,000 psiandO to3,CK)0galknaftnininorder 
to optimally provide pressures and fW rates to displace and circulate 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled usiiig any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
m a n d rel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956 , a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 
30 The housing 954 U3 coupled to tte 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to f acilit at e the CTtnifami and positioning of the tubular member 902. 
Preferably, the housing 954 has a gohntnntiflHy annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, tor example, steel or al uminum In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum hi order to 
optimally provide driflabOifr of the boosing 954 

In a particularly prefer^ 
954 includes one or nurepro^ 
of cement 956 and the housing 954. 
10 T^e body ofcxment 956 is coupled to tb 

858. In a preferred -emb odhnfint , the co mp o Bti onofthebodyof cement 956 is 

aelectedtopeniiitto 

drilling machines and processes. 

The composition of the body of ce men t 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drQlable 
material such as, for exaninle, a 
of cement 956. 

The sealing alecve 958 is coupled to the body of cement 956, the extension 
tube 9G0, the fluid passage 962, «nd one or more outlet jets 964- During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
bardanable fluidic material from the fluid passage 968 into tha fluid passage 962 
and then into the outlet jets 964 in order to inject the hardenable Ouidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 

25 mxiudra an inlet geometry that pennitsa 

lodgedm the mlet of the aeah^ sleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fluidity isolating the interior region 966 of the tubular 
mpmber 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-»ctian. The sealmgsteeve 958 naaybe fabricate 

of conventional commercially available materials such as, for example, steel, 
ahnmnum or cast iron. In a preferred embodiment, the sealing aleeve 958 is 
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"~ fabricated from aluminum in order to optimally provide drillabiUty of the sealing 
sleeve 958, 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidk 
material from the fluid passage 952 into the fluid passage 962 and thai into the 
outlet jets 964 in order to inject the hardenable ftuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the app ara t us 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permit* a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicfyisola^ In 
a preferred embodiment, one end of the estensioD tube 960 mates with one end of 
the spacer 938 in o rder to optimally f adHate the transfer of material between the 

15 two. 

In a preferred em bodim ent, the extension tube 960 has a substantially 
annular cross-eection. The extension tube 960 niay be fab^ 
of conventional conunercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aruxninum in order to optimally provide drfflabfliry of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900 f 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 
25 preferred embodmient, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred enibc^mient, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures end flow rate 
rariging from about 0 to 9,000 pai and 0 to 3,000 gallonatomm order to op^ 
provide fluids at operationally efficient rates. 
30 The outletjets 964 are ccoip^ to the sealing s^ 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a pluralily of outlet jets 964. 

In a preferred frmhorirmfTit, the outlet jets 964 comprise passages drilled in 
the housing 954 end the body of cement 9M in order to rimplifytto 
5 of the apparatus 900. 

The various elements of the shoe 908 
conventional process such as, for example, threaded cmn^ 8r cem en t or 
machined from one piece of material In a pre fer re d embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

descr&ed above with reference to Kg* 1^ to create a new section of c 
weflboreartorepaira*ellbo^ 

In particular, in order to extend a weHbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new sect i on . 

The apparatus 900 for forming a Walloons casing in a subterranean 
formation is then positioned in the new section of the weflbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fl uidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material then passes from the fluid peasage 918 h^ 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardeuabJe fluidic sealing material then paaaes from the interk>r region 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 
25 apparatua 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interim wail of 
wellbora. Continued pumpingof the hardenable fluidic sealing material causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallona/min, respective^ In a preferred Embodiment, the 
hardenable fluidic mvtlm g materi aliapumiKHlinto the annular region at pressures 
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and flow rates that are designed for the specific weUbore section in order to 
optimize the displacement of the hardeoable fluidic Bealing material while not 
creating high enough circulating pressures euch that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined uaing conventional empirical methods. 

The hard enable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic s ealing mat erials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing Mmtwr fa j comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also Tnahrtaifnrng optimal flow characteristics so as to minimise 
operational dyflRmiltitm during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The ft*™!** region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adeq^tely Med with hanienable fhiidk 

sealing mM*rW, a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhiidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

26 region 966 causing the interior region 966 to pressurise. In a particnlariy 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
mtxoducedmto the fluid p or other 

similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. Daring the extrusion process* the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During tills extnuacm process 
substantially strft tioriftry 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 9 74 into the ftwi passage 918 at a surfece location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down ping, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the tw^g * of 
the present disclosure. In a preferred embodiment the ptagw dart 974 comprises 
a M8C latch-down plug available from Halliburton Energy Service* in H aIW tt 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 pai and 40 to 
3,000 gaUoiis/nun in order to optimally extrude the tubtdarm^ 902 and 915 
off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximate^ 600 to 9,0(K)pA In a preferred 
embodiment, the extrusion of the taihn lar members 902 and 9 15 ofTof tha my^are ! 
906 begins when the pressure of the interior region 966 reaches approximately 
1.200 to 8.500 pa with a flow rate of about 40 to 1250 gaBonsfaiiimte. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 ex p anded portions of the tubular members 902 and 915 at rates ranging; for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed test enough to permit efficient operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
h a r d e n a ble fluidic sealing material; but not so fest that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
e mf"*^ 1 906, *h* ratter sur&CB of the upper end portion of the tabular memher 
915 will preferably contact the interior surface of the fewer end portion of the 
existing ca^ng to fonn an fluid tight overlapping joint. The contact pressure of the 
5 overlappingjcint may range, fo^ In 
a prefer r e d embodiment, the contact pressure of the overiappmgjoinl between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
rangPB flW flpr » 1?Tf nM^y l^** 1 ^.nOO pg* in order to optimally prrwrida wmtArt 

pressure to activate the seahng members and provide 

10 the tubular member 915 and existi^ 
compressive loads. 

In a p referred embodiment, the operating pressure and flow rate of the u^ 
hardenable fhndic material will be controUabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure substantially linear fashion 

from 100% to about 10% during the end of the extrusion process begmning whm 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an ahernatrre preferred einb^ 
rate of the hardenab le ftuidic Beating material and/or the non hardenable fhndic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Altrniativefe, or in rrrmhinfltimi, a nHnrir fth^rher provided in the support 

member 904 in order to absorb the diock caused by the sudden re 

AltfrPfltivflr. PT in combination, ■ tnimdr«»l i^i»hmg«fcr«gfcirrft be provided 
above the support member 904 in orte to catch or at least decelerate the 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellborn In a preferred embodiment, either 

mandrel 906, the integrity of the fluidk seal of the overlapping joint between the 



UK* 3 " portion of the tubular member 915 and the lower portion of the easting 
casing is tested using conventional method* If the fhiidic seal of the owlapping 
joint between the upper portion of the tubular member 915 and tlie lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Tti» hardenable fhtHir e»«'' n g m a terial 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferabb/ «h7 nannmmg cured herripnabl e fhridic sealing material within 
10 the interior of the expanded tabular members 902 and 915 is then removed in a 
convent io nal m ai mer using a conventional drill string. The resulting new section 
of casing prefH^tymchnies the expanded 

outer annular layer of cored hardenable flnidic sealing material. The bottom 
portion of the apparatus 900 compristag tte shoe 908 inay thm 
15 drilling out the shoe 908 uamg conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
r«M»ssary to remove the entire apparatus 900 fi^m 

to a malf un ct ion. In tins dr cninstance, a conventional drill string is used to drill 
out the interior sections of the app 
20 the remaining sections. In a preferred embodiment, tiie interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the inandrel 906 and shoe 908, mduding one or more of the body of 
cement 932, the spacer 938, the sealing 
the hnmcator mandrel 940, the lubricate 
854, the body of cement 956, the sealing itoew 958, and tta ex 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus, to this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Pigs. 10a, 10b r 10c, 10d, lOe, lOf; and lOga method and 
apparatus for creating a tie-back liner in a weUbore win now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The first casing 1004 preferabtyinchi 

anmihxs 1010. The second casing L006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is fanned by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-111 
10 In a particularly preferred embodiment, an upper portion of the tabular 
liner 1012 overlaps with a lower portion oftbe tubular finer 1008. In aperticolar^y 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie^jjailiiier that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1146, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1160. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
25 modified in accordance with the teachm 

embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in US. Pat. No. 5 ,348 ,095, the disclosure of which is 
incorporated herein by reference, modified in aqx)rdan<» with the teachings of the 
present disclosure. 

30 The tubular member 1 1 10 is coupled to and supported by the exp and a ble 

mandrel 1105. Hie tabular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of material* such as, for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping. In a pre f erred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods, 

The inner and outer diameters of the tubular niember 1110 may range, for 
5 example, ftom approximate^ 
In a preferred embodiment the inner and outer diameters of the tubular member 
1110 range from about S to 15 JS inches and 3£ to 16 inc^ 
to optimally provide coverage for typical oilfield casing sires. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion tftte 

1110 is sbtted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minim iz e the possibility of buckling. For typical tubular member 1110 ^rf^ -i? 
15 the length of the tubular member 1110 is pnsM 
to 20,000 feet in length. 

The shoe 1 115 ii coupled to the expand ftD le mandrel 1 105 and the tubular 
member 1110. The shoe 1115inchidc8 the flnid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SefdQflo^ 

with a sealing sleeve fur a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet gu^ 

plug with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Defla^ 

present disclosure, in order to optimally guide the tubular member HOP to the 
overlap between the tubular member 11M 

isolate the interior of the tabular member 1 100 after the latch dcwn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
SO ftrpnnftiim and cementing np^ rati^n g 

In a preferred embodiment, the shoe 1 1 15 mcludes one or more side outlet 
ports 1 140 in fluidk communication with the fluid passage 1 135. 

Tt> this man n er 
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the shoe 1115 injects hardenoble fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this maimer, the fluid passages 
5 1140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 

mxrh utt finrr Tgfrinpb^ TP rap* or S*h*±xvm Tnfrx&nn TWW fSTP) <*ip* wwtift*d i ti 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1 120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 bebw the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centeriine of the apparatus 1100. The fluid passage 1 1 30 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galkms/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flokiicmirtmRlstobetransndttedfrcml^ 
passage 1130 to the interior of the tubular member 11 10 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that perxnitsaphjg, or other similar device, to be placed m 
passages 1140 to thereby block further passage of ftuidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permto the interim 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling nnri 

about 0 to 3,000 gaBonaftnimxte and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member U10 and the tubular Kner 1008 witn 
fluidic materials. In a preferred embodiment* the fhnd passages 1140 inclnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140. that is adapted to receive a plug, 
20 or other similar device, to permit the ulterior region tftto 

to be fluidicry isolated from the exterior ofthe tubular member 1110. 

The seals 1145 are coupled to and supported Iry a tower end portion of the 
tubular member 1110. The seals 1145 are firrther positioned on an outer surface 
of the lower end portion ofthe tubular member 1110. The seals 1145 permit the 
25 overiappingjomt between the upper end portion rfthet^atog 1012 and the lov^ 
end portion of the tubular member lllOtobefkidicryaealei 

The seals 1145 may comprise any number of conventi onal commercially 
available seals audi as, for example, lead, rubber, Teflon car epoay seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seato moMpri from fitoir*Ir>rfr pyvwy ^ wrf ifih to 
from Halliburton Energy Services in Daflas, TX m order to optimally provide a 
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hydrantte seal m the overlapping jomt and 

to withstand the rang© of typical tensile and compressive loads* 

In a preferred embodiment, the seals 1146 are selected to optimally provide 
a suflkientfrictxmalibrce to support the rrpanried tubular member 1110 from the 
6 tubular liner 1008. In a pi eferiedenmodiment, fee frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Min tension and compression in 
order to optimally support the expanded tubular member 1110. 

Tim support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellborn 1000. In a profan e d embodiment, the support 
member 1150 farther includes one or mere conventional centralism (not 
illustrated) to help stabilise the fcnhwhw member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expendable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise way number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine baaed lubricants or Climax 1500 Antiseize (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Oimax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the mtrodnction of foreign material into the apparatus 1100 is minimised. 
This ™St»imi«Hi the possibility of foreign material dogging the various flow 
passages and vahesofthe apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly pref erred embodiment, the apparatus 1100 includes a 

30 packer 1155 coupled to the bottom Bection of the shoe 1115 for fluidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fhaidk 
materials are prevented from entering the regionof the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1 155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-backmplace of t^ In another alternative embodiment, 

the packer 1156 may be omitted. 

In a preferred embodiment, before or efter positioning the apparatus 1100 
within the weflbore 1100, a couple of weHbote volumes are circulated in order to 
10 ensure that no foreign materials are located within the waflbcra 1 000 that might 
clog up the various flow passages and valves oftheapparatnall(X) and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

Aa fflustrated in Fig. 10c, a hnrdffnnble fluidic scaling material 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 11 10 below the expandable mandrel 1105. The material 1180 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 
20 between the exterior of the tabular member 1110 and the interior wall of the 
tubular Uner 1008. Continued pumpbog of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region 

The material 1 160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
25 gaHons/min,respe Inaprefen^embodimm^ 
into the annular regton at pressOT 

casing sizes being run, the srnnilftr spaces being filled, the pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 
30 Thehardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110 r the 

10 py™**r region will be filled with material 1 160 . 
Asilhi8tratedmFig.lOd > once 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby Ouididy isolating the interior 
region of the tubularmember 1110 from the annular regkm external to the tubular 

15 member 1110. faapreferredeinlx>dimen^^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other sinritor devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable ftuidk 

20 material* In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimised. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is ertruded off 

1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commerciaUy available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darta modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the phags 1166 comprise a angle latch down dart 

After p l acemen t of the plugs 1165 in the fluid passages 1140, the non 
6 hardenable fluidk material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 8,000 gsUonsAnin. 
In a preferred embodiment after placement of the plugs 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 is preferably pumped into the 
10 interior i*gkm of the tubular ira 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallona/min ™ order to optimal^ provide of frpjcal farf™!*** 

For typical tubular members 1110, the ertmaion of the tubular member 
1110 off of the e xpan d able mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 11 10 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 6500 pat In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of (he interior region of the tubular member 11 10 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandabfenumdrel 1105 may be raised 
out of the expande d portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ftfcec Inapreferred embodiment, duringthe extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1110 at rates rangmgfrom about 0 to 2 ft/sec in order to optimally 
25 provide permit a4^lstment of opexutioiml parameters, and optimally ensure that 
the exxruidem process wfflb 

In apreferied embodiniam\ 
1110 has an internal diameter less than the outside diameter of the mandrel HQS, 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion of the expanded Bectum 1160 effects a seal with 
at least the wellbore casing 1012. Inaparttalsrfr prefix 
is effected by compressing the seals 1016 between the expanded section UB0 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the section 1180 of the tubular member 1110 and the 

casing 1012 ranges from about 600 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint wfll withstand typical extremes of tensile and cxrapresdve 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member^ 

diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between tte 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide opttm n\ mp<rt?f»"» to ****** that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow fate of the 
material 1161 is controllaUy ramped down when the expandable mandrel 1105 
r eaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expendable mandrel 1106 can be minimised In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear f^(m from 100% to aboiit 10% during 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximatery all but about 5 feet of the extrusion process. 
Alternatively,ormcoinbiiwtion, 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or mcombmation, a mandrel catching structure is provided 
30 mtte upper end portion of ^ 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fhiidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tub ular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
exp a nd ed tabular member 1U0 is thenremoved in a conventional manner . The 
10 material 1160 within the annular ngion between the tubular 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. 1Q£ preferably any remaining cured material 1160 
within the interior of the expanded tabular member 1110 is then removed in a 
conventional mannm- manga conventional e*Wti g The resulting tie-back liner 
15 of casing 1170 includes the expanded tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and pecker 1155 using conventional drilling methods. 
20 Inaporticularr/r*^^ incorporates 

the apparatus 900. 

Referring now to Figs. 1 la- 1 lf t an embodiment of an apparatus and method 
for hangings tubular liner ofTtf an existiiig wellbore casing wiH n<w be desml>ed 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellboxe 1200 inchides 

a tubular casing 1215 and an annular outer layer of cement 1220. 

Incrdertoextendthe wellbere 12 1205, 
a drill string 1226 is used in a well known mannrr to drill out material from the 
subterranean formation 1205 to form a new section 1230. 
30 As illustrated m Fig. lib, m 

in a subterranean formation is then rxxstioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferabry includes an expendable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The eapandable mandrel 1305 is coupled to and supported by the support 
5 member 1345, The expandable mandrel 1305 is preferably adapted to controUabry 
expand in a radial direction, The expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified hi 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Fat. No. 5,346,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1 310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 ffrytWl jrpri Ttm dpd offofthft Expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a pref erred embodiment, the inner and outer diameters of the tabular member 
13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally pwreHr mir*™»l telMrr^ng effert m the most commonly encountered 
wellbore sizes. 

25 In a prefe rr e d embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diametarofthe upper portion 
1355 of the tubular member 13 10 range from about 3/8 to 1 % inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall t hi rl mpra and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/8 to 1J inches and 3£ to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubular member 1310 is lera than or equal to the 
5 wall thickness of the upper and lower sections, 1S65 and 1365, of the tubular 
member 1310 to order to optimally fedQiatotte 

and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment , the upper mi portion 1855 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when It completes the extnirrinn of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to «^m^ the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

Hie ahoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335 . The shoe 1315 may comprise 
ezry number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super Seal HI^^ 

sealing sleeve for a latch-damn p*n g mmtifW In with the teaching) of 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
al uminum down-jet guide shoe withaeealingrieeve fig alatdndown plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thepresent disclosure 

1310 into the weUbore 1200, optimally ftuiriicfr isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1815 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the ahoe 1315 further inchides one or more side 

30 outlet ports in fluidic comnurmratiop with the fluid passage 1330. Inthismanner, 
the shoe 1315 preferably injects hard*mAhl» ^i^ gTnfttrrin | fato ^ TC ^ m 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing el e ments into the fluid 
passage 1330. 

5 The fluid passage 1320 permits ftuidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandr el 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the eq>aiidable mandrel 1305. The fluid passage 1320 
preferably extends from a position ad>cent to the surface to the bottom of the 
10 expandable mandrel 130& The fluid passage 1320 is prefierably positioned along 
a centeriine of the apparatus 1300. The fluid passage 1 320 is preferably selected 
to transport materials rach as cement, drilling mud, or epoxies at flow rates and 
pressarearan g ro g from about 0 to 3,000 galkmafauimte and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region erterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluid* 
i^nrnmA^tirm whh the interior region 1370 of the tubular member 1310 below 
20 the ex pandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further paasageofflnidte Tnnt ff rialB . In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This penmta the iirierforre^ 

below the expandable mandrel 1305 to be pressurised. The fluid passage 1330 is 
preferably positioned substantially along the centerhne of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxiea at flow rates and pressures ranging from about 0 
30 to 3,000 gallona/minute and 0 to 9,000 psi in order to optimally fill the nnnul a r 
region between the tubular member 1310 and the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an Inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off l^iotrodudixg a ph^» dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits ftuidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in fluMic 
comnmniration with the fluid passage 1330. The fluid passage 1 335 is preferably 
positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxiea at flow rates and pressures ranging from about 0 to 3,000 
gaDonatohiute and 0 to 9,000 pA in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the weOboro 12M 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end por^ 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fhndicry sealed. The 
seals 1340 may comprise aT *y m»»b*r of eon mj HftMl <*wnwri«»! rriftiiy available seals 
20 such as, for example, lead, rubber, Teflon, or cpoxy seals modified in accordance 
with the t eachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annuhisoftheoverlar^migjom 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are aeleetad to optxmaUy provide 
asufucientfrictiona^ 

existing casing 1215. In a preferred embodiment, the friction 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and seals 1340. The support member 1345 
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preferably gomprfopfl rm pr™* 1 *"" rntmV^r liiwmg mffirwnt nfcrgftgth tr> carry thg 

apparatus 1300 into the new section 1230 of the weHbore 1200. In a preferred 
embodiment, the support member 1345 further includes one remote conventional 
centralixexs (not illustrated) to help stabilize the tubular member 1310, 

5 in apreferxed embodiment, the eup^^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimized. 
This m inimises the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1806 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is counted to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down phigs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper phxg 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dal las, IX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 12S0 of tto 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Pig. lie, a hardenahteflnidfc sealing ma 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 

30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 than passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 
tubular member 13^ 

1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1890. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,600 gallona/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallcma/min, respective 
10 fiU the annular region between t^ 
of the wcllbare 1200 with th^ 

Ttohardenahlegnidk sealing material 1380 may comprise any number of 
am ventionai commercial]^ 

for example, slag mix, cement or epoxy. In a prefer red embodiment, the 

15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section beiiig drilled andavailaiitef 
Services in order to optimally provide suprx>rtforthe tubular member 1310during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the rtmmt la p^ypnMy determined using conventional empirical T^Pthodgi 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient q nantstfatt to ensure thi^ wpnn radial «» pr "^frr 1 rf far member 
1310, the armular region 1390 of the new secti 1200 will be 

filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 iB preferably pumped thro ugh the 
fluid passage 1320 by a non hardenahle fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug I860. 

As illustrated in Pig. lie, in a preferred emrjodhnent, engagement of the 

30 wiper dart 1395 with the win^ 

from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking ftaH fl 



passage 1330, and fluidkry isolating the interior region 1370 of the tubular 
member 1310 ttm the annular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. During the extrusra 

1305 is raised rot of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1896 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commerdallyaYailabted 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 ttie present difidosure. In a preferred embodin^t, the 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350, The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallaa, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pei and 0 to 1,500 galtonstoln in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 k minimised. 

In a preferred embodiment 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit a^justmenta to be 
made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL Ina 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thicknessof the tabular member, geometry of the inandre^ 
the composition of the shoe and tolralar member, and the yk^ 
tubular member. The optimum flow rate and operating pressures are preferab ly 
determined using conventional «™pMml methods. 
10 During the est n is fa n process, the e xp a nd a ble mann^ 1305 may be raiaed 

out of the expanded portion of the tubular member 1810 at rates ranging, for 
example, from about 0 to 6 ft/sec In apreferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raiaedootofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 fl/sec in order to 
15 optimally provide an ef fic ient process, optimatty permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper aid portion 1355 of the tabular inembermo is extruded 
off of the expandable mandrel 1805, the otiter surfhce of the upper end poxtto 
20 1355 of the tubular manu^ 

lower end portion of the casing ^ 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embo<& 
of the overlapping joint ranges from approxfaiatefy 
25 optimally provide contact pressure sufficient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. Ina 
particularly preferred embodiment, the sealing members 1340 will ensure an 
ade q u at e fhiidk and gaseous seal in the overlapping Joint 
In a preferred embodiment^ 
30 har rim ahl ft f h iiriicma t e ^ 

mandrel 1305 reaches the upper end portion 1355 of ^ 
In thfa manner, the sud^ xetew 
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of the tubular member 1310 offof the expandable mandrel 1305 can be minimi ted. 
In a preferred embodiment, the operating pressure ia reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, or in comhin Rtion, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1856 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the ireBbore 1200. Inapreferred embodiment, e^ 
the removal of the expandable mandrel 1305, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is sabsfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 jg thro rpmryH t- - ™™>r>*ir%T,pi ™»Tm«r ifa material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 13S0 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1 400 includes the expanded tubular member 13 10 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation lias been described^ 

in the borehole. A body of fluidic material is then mjected into the borehole. The 
tub ular liner is then radially ftrpardf^ by extruding the liner offof the mandrel 
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The injecting preferably indudes injecting a hardcmable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a mm hardenahle fluidic material into an interior regio n of the 
tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular regkm from the mterknr region before injecting the second 
quantity of the non hardenahle sealing material into the interior region. The 
injecting the hardenahle fluidic sealing material is preferably provided at 
operating pressures and flow 

gaQonaAnin. The injecting of the non hardenable fluidic material is preferably 
10 provided at o peratin g pleasures and <hm rates rangingfromabc^ 500 to 9(KK?psi 
and 40 to 3,000 gnllonVmfn The injecting of Am mm hardenable fluidic material 
is preferabry provided at reduced 

portion of the extruding. The non hardenable fluidk material is preferably 
injected below the mandreL The method preferably inc^ 
16 ofthe tubular liner belw the maiKh^ The region erf the tubular liner below the 
mandrel is preferably pressurixedto 

The method preferably indudes flnidicry isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further preferably 
includes curing the hwrdenable sealing material, and remoring at least a portion 
20 of the cured sratingmntwrial located within the tubular hneor. The method farther 
prefarabry includes cwiapping the tabular 
The method further preferably iwiudes sealing the 

liner and the existing wellbore casing. The method further preferably indudes 
supporting the extruded tubular liner using the overlap with th» «yri«tf n g ™»1IK™»» 

25 casing. The method further preferably taehaiest 

the overlap between the tubular liner and the existing wellbore casing The 
method further preferably Indudes removing at least a portion of the hardenable 
fluidic sealinginaterial within tte The method further 

preferably includes lubricating the surface of the mandreL The method further 

30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the **™pi'»frni of the extruding. 
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An apparatus for creating a casing m a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and inchidea a second fluid passage. 
5 The tabular member is coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The firat.second and third fluid passages 
are operably coupled. The support member preferabry further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferabry includes a shock 
10 absorber. The support member pre ferably inrhi&M one or more sealing members 
adapted tffpm^WF material from entering an interior re^on of the tubular 
member. The mandrel is preferabry expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferabry includes a catching member at an end 
portkmfbrslovnngdcrwnthemajidreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
blocking the inlet port The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular inember having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that jnchirira positioning a 
mandrel within an interior region of the second tubular inember , positioning the 
first and second tubular members in an overlapping r el ati o ns hip , pressurising a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurhdng of the portion of the mterior region of the second 
tubular member is preferabry provided at operating^ 
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600 to 9,000 psi. The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tbe method farther preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 farther preferably includes supporting the extruded firat tubular member using 
the overlap with the second tubular member. The method farther preferably 
i nc lu des lubricating the surface of the mandrel The method farther preferably 
includes absorbing shock. 

A liner far use m creating a new section of weHbore casing inasubternmean 
10 formation adjacent to an already existing section of wellbore casing has been 
described t hat includ es an annular member. The annular member includes one or 
more saalingmembers at an end portion of the annular member, and one or more 
press ur e relief pa s s ages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular lino- and an 
15 annular body of a cured fluidic sealing nmtffriaL The tubular liner is formedby the 
process of extruding the tubular liner off of a mandreL Hie tubular liner is 
preferably farmed by the process of placing the tubular liner and mandrel within 
the weQbore! and pressurizing an interior portion of the tubular Knar The 
annular body of the cored fluidic sealing material is preferably formed by the 
20 process of injecting a body <rfh 

region external ofthe tubular liner. During the prearorizing; the interior portion 
of the tubular liner is preferably fluidixfr isolated fern a 
tubular liner. The interior portion of the tubular liner is preferably pressuriied 
to pressures ranging from about 500 to 9 f 000 puL The tubular liner preferably 
25 overlaps with an existing wellbore casing; The wellbore casing preferably farther 
includes a seal positioned in the overlap betwttt the tubular lin^ 
wellbore casing. Tubular liner is preferably sup p orte d the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore caring within a 
SO borehole has been deacribedthatincfad^installiiigs Mmlar liner and nmnndrd 
within the wellbore casing hurting* h*Ay Mm flqidic «*flt* r fal into the borehole, 
pressurising a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of glag mix, cement, drilling mid, and eooxv. In a preferred embodiment, the 
method further wind™ fhiidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tabular liner. In a preferred embodiment, the 
iigectingofthebody^ 

rates tanging from about 600 to 9,000 pei and 40 to 3,000 gallona/mm. In a 
preferred embodiment, the injecting of the bodyof fluidic material is provided at 
reduced operatmgpressures and flowratesduringan end portion of the extruding. 
10 In a preferred cinbodiznsnt, the fhu^ In 
a p re fe rred embodiment, a region of the tubular finer below the mandrel is 
pressurised. In a prefer^ embodiment, to 

mandrel is pressuriied to pressures ranging from about 600 to 9,000 paL In a 
preferred embodiment, the method further includes overlapping to tabular liner 
15 with the existing weHbora casing. In a preferred embodiment, the method farther 
includes sealing the interface between the tubular liner arid to 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wcllbore easing. In a preferred 
einbodiment, ttie method further iwiudw 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred einbodiment, the method further includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 
26 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular finer and an annular body of a cured Quidk sealing 
material. The tubular Hner is formed by the process of extruding to tubulw 
off of a mandrel Tbs annular body of a cured fluidic Bealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tabular liner is forme 

process of pladng the tubular liner and mandrel within the wellbore, and 
pressuriring an interior portion of the tubularliner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tubular Ira 

from an exterior portion of the tubular liner. In a preferred embodiment, the 

interior portion ofthe tubular liner to 

500 to 9,000 psi. In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the process of rejecting a body of hardenable fhiidic 
sealing material into on annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the ovarisp between the tubular Una- and the 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weffiwre casing. 

An apparatus for expanding a tabular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. Hie mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable . The tabular member is coupled to the mandr el 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a d rillab le body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the exp ansion cone ia fabricated from mjrt*H«^ ffpfr^ted from the group 
consfrtmg of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surfece hardness rangingfrom about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of mo dification , changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate tb^ the appended daiinste 
in fl manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, ccuiiprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iipectiny flnidic **v>fr»rin1 info the borehole; 

5 pressurising a portion of an interior region of the tubular lmer ; and 

6 radially ex pandin g at least a portion of the liner in the borehole by 

7 extmdrng at least a portion of the liner off of the mandrel. 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing eating, 

3 OQCtt pBlffl^g S 

4 drilling out a new section of the borehole adjacent to the 
6 casing; 

6 placing a tubular lmer and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already exiating casing; 

9 injecting a hardenable flu idic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidfcfcr isolating the annular regfcm between tte tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fhikttc material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Uner off of the **p*nAfM* ma n drel; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenabfce fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 

removing at feast a portion of the cured flmdkharfenabte sealing 
within the tubular liner. 

An apparatus for expanding a tubular member, comprising: 

a support member, the support member inchiding a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular liner, the shoe including ^ 
wherein the first, second and third fluid passages are operab ly coupled. 

An apparatus for ex panding a tubular member, comprising: 
a support member, the support member i nclu di ng 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel intending a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing elements; 
a shoe coupled to the tubular member, the shoe in c l udin g. 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member, and 
one or more exhaust passages ccmpteo to the fourth fluM 
injecting fluidic materifll outside of the shoe; and 
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16 
17 
18 



at least one sealing member coupled to the support member, the sealing 
member adapted to prevent the entry of foreign material into an 
interior region of the tubular member. 



1 5. A method of joining aaec^^ 

2 first tabular member having an inner diameter greater than an outer diame ter of 

3 the second tubular member, 



4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tu^ 

7 and 

8 extruding the second tabular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including; 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or more pressure relief passages at bji end portion of the annular 

6 member. 

17. A wellbore o ampri sing: 

2 a tubular liner, the tubular liner farmed by the process of; 

3 extruding the tabular Knar off of a mandrel; and 

4 an annular body of a cured fhifclk sealmg material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an existing wellbore caamg, comprising: 

2 a tubular liner, the tubular liner formed by the process o£ 

3 extrudin g at least a portion of the tubular liner offof a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first Quid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 fin interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an cgpandiMe tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operabry coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 




• 72- 



Oflfv>* ~ 

^J***" INVESTOR IK PEOPLE 

Application No: GB 9926449.1 Examiner: Ian Blackmore 

Claims searched: 1-5.9 Date of search: 27 March 2000 

Patents Act 1977 

Amended Search Report under Section 17 
Databases searched: 

UK Patent Office collections, including OB, EP, WO & US patent specifications, in: 
UK a (Ed.R): EIFFJT.FJU.FLA. B3PPEEB.PEQ 

Int a (Ed.7): E21B 17/00. 29/00. 33/00. 33/03, 33/04. 33/10. 33/14. 33/138. 43/10 
Other: Online: EPODOC, JAPIO, WPI 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Rdevim 


A 


OB 2329928 


(BAKER HUGHES INC.) see figures and page 3. 
tine 29 to page 4, line 12 




A 


GB 2305682 


(BAKER HUGHES INC.) see whole document, 
particularly figures 2 & 3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) tee figure IB 




X 


WO 9800626 


(SHELL INT RESEARCH) see whole document, 
particularly figure 1 


] 


X 


US 5348095 


(SHELL OIL COO see whole document 


1 




X Doqpaa at iadkttmg lack ofnoraffr cr falhi Map 
Y Decwncat bdicatmf tack of mvemflva md If 
with on* or note other tfocmoti of aa 



rataiooffcaan. 



& Member of the e 



r ^lkWl t»craJW^ aoctorad priority .fatsbat before tfcc 
fihSf date of tab ravmba*. 

Pew doesmmrt pa^casM) o» or after, but with priority date earlier 
than, dw filing data of this 



Art Executive Ageocy of the Department of Tr.dc and fodustry 



Application No: GB 9926449.1 Examiner: Ian Blaclonorc 

Claims searched: 1-5,9 Dale of search: 27 March 2000 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 

UK Patent Office collections, mrlnriing OB, EP, WO & US patent specifications, in: 
UK CI (EAR); E1F FJT, FJU, FLA. B3PPEEB, PEQ 
• Int CI (Ed.7): E21B 17/00, 29/00, 33/00. 33/TO. 33/04. 33/10. 33/14. 33/138, 43/10 
Other: Online: EPODOC. JAPIO. WH 



Documents considered to be relevant: 



Caefory 


Identity of document and relevant passage 


fcekvutf 
to c liifttt 


A 


GB 2329918 


(BAKER HUGHES INC.) see figures and page 3. 
line 29 to page 4 t line 12 




A 


GB 2303682 


(BAKER HUGHES INC.) see whole document, 
particularly figures 2 & 3 




A 


GB 2115860 


(HUGHES TOOL COMPANY) see figure IB 




X 


US 5348095 


(SHELL OIL CO.) see whole document 


1 



Document i»iHrii> | lock ofooveifr ot i rrwrfro Hop A Poc 
Document iftrfietimg hck of fmsav* ru» IfoombmM! P Dae 
whh ose or mart etker documents of umi c*t«tory. ftln 



wwi wyrtt bockfroimd wd/or iUm of tbe ext. 
•4 ea or ftfar to declared priority date fait before ike 



ft Member of the tarn* patent family 



Oliof data of (fait 

tntau doormat pvblabcd oa q: lifter, bin wiife prion ry date earlier 
ttia» tfao ftfaf data of &tf application. 



An Executive Agency of the Department of Trade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



